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FIG. 1: The diagrams of NN interaction and self-energy dis-
cussed in the text. The exchange terms are understood.
a complex function. The introduction of the imaginary
part of the self-energy amounts to taking into account the
eects of the quasi-particle spectral function, which have
been studied elsewhere[9, 10]. The complex nature of the
potential is due to nite time propagation and decay of
processes shown in Fig. 1. In the present investigation
V will be assumed to be a real function what implies the

































     


     


     


     


     







FIG. 2: Rearrangement contributions to the self-energy. On
the right panel the HF mean eld is plotted vs momentum k.
The self-energy 
k
(!) in neutron matter has been cal-
culated within the above described approximation using
the Gogny force D1 [2] at each coupling vertex shown
in Fig. 1(c),(d) and (e). This corresponds to implic-
itly dressing those vertices by a G-matrix and replacing
the latter with its phenomenological counterpart given






(graph b) and c) in Fig. 1, respectively) are
reported as a function of the energy for three values of
the neutron matter density, which are in the range where




nounced maximum in the vicinity of the Fermi energy
due to the high probability amplitude for particle-hole
excitations near "
F
. It is in very good agreement with
the results obtained fromBrueckner-Hartree-Fock (BHF)
calculation with G-matrix [2].




to give the largest contribution of the








































FIG. 3: Screening potential vs energy
ring series in the low-density limit. The particle-particle
contribution is much less sizeable and has been also con-
sidered, since the Gogny force has no energy dependence
like the G-matrix.
The second-order potential is given by the one-bubble
exchange term (plotted in Fig. 1b), which is the rst
one of the ring diagram series. Physically it represents
the screening to the pairing due to the medium polariza-
tion. Again we take the Gogny force for all vertices in




(!) at three typical





















which is the only one relevant for the pairing gap. The
strength of
~
V is concentrated around the Fermi energy




and a width in-
creasing with the density. Its ! dependence is shaped by
the polarization part, i.e., Lindhard functions[11] which
at ! = 0 (static limit) is repulsive at any momentum
3and density, but it becomes attractive for j!j  "
F
. One
therefore expects a reduction of the gap due to screening.
The gap equation, Eq. (1), is to be coupled to the

























has two poles, symmetric with respect to the imaginary



















































The two poles are located close to the real axis on oppo-
site sides of the imaginary axis. Leaving aside a general
integration of the gap equation, we adopt the pole ap-


























In general the residue Z
k



















calculated at the Fermi surface. In the calculations we
took the limit of Z
k
for ! 0, which corresponds to the
quasiparticle strength.
Inserting Eq. (8) for the anomalous propagator into










































Notice that the reason why only the !-even part of
the interaction contributes to the integral can be traced
to time reversal invariance of the superuid ground state
for which the anomalous propagator as well as the gap
function are even functions of !.
The remarkable advantage of this approximation is
that the gap depends only parametrically on ! and its







   

















FIG. 4: Gap energy in the present approximation. For com-
parison the prediction from the pure BCS model (dotted line)
and from BCS plus self-energy eects (dashed line) are plot-
ted.
energy dependence is only related to the energy depen-




















































equivalent to the gap equation in the static limit.
The approximate version of the gap equation, Eq. (10),
has been solved using as input the self-energy and pair-
ing potential discussed in the previous section. The fo-




neutron-neutron pairing for neutron
matter, which is by far the most important component
of pairing as to possible implications in nuclear systems.
The energy gap at the Fermi surface (k = k
F
and ! = 0)
as a function of k
F
is reported in Fig. 4. The domain
of existence of the superuid state is mainly at low den-





. In the same gure we also report the result in
the BCS limit [for a review see [1]] (neither self-energy
eects nor screening) and the result with self-energy ef-
fects but without screening [2]. From the comparison of
the three predictions one sees that the main suppression
of  is due to the strong g.s. correlations which lead
to a Z-factor much less than unit. However screening of
the pairing interaction produces an additional suppres-
sion. It has to be noticed that the screening potential
also shifts the peak value of the gap to lower density,
where the suppression is less sizeable. This implies that
the medium eects are not expected to reduce dramat-
ically the pairing at the nuclear surface and the feature
of pairing as surface eect is still conrmed by our fully
consistent calculation of pairing in neutron matter.
Screening eects on the pairing interaction have also
been studied in dierent contexts. One of the earli-
est calculations has been performed in the framework of
the second-order correlated basis perturbation theory [4],
where a pairing suppression by a factor 4 is predicted.
4In that work the momentum dependence is substantially
neglected that amounts to overestimate the suppression.
Closer to the present approach is the polarization po-
tential [12, 13] calculated from the induced interaction
theory [14], which gives substantially the same gap when
treated within the Landau parameter approximation [15].
Finally,we should mention a parallel study on nite nuclei
[16], where the polarization potential is given by the cou-
pling to surface vibrations. While the self-energy plays
the same role as in neutron matter, the phonon exchange
produces an enhancement of the pairing at variance with
the dominant repulsive eect of the spin uctuations in
neutron matter.
In conclusion, this work constitutes a continuation of
a previous one(Ref.[2]) where we investigated self-energy
eects on the pairing gap in innite neutron matter. Here
we treated consistently the additional inclusion of ver-
tex corrections. On the same footing we considered the
lowest order particle hole polarization bubble both in
the self-energy and in the screening of the pairing force.
Instead of the G-matrix we used the phenomenological
Gogny force at all coupling vertices. We veried that this
replacement has only very little inuence on the numeri-
cal results. The screened pairing interaction is in princi-
ple energy dependent but in the quasiparticle approxima-
tion used here, this dependence on energy becomes only a
parametrical one which greatly facilitates the numerical
task of solving the gap equation. The outcome of the in-
clusion of vertex corrections is that the gap as a function
of k
F
maintains approximately its bell-shaped form, but
with respect to the self-energy corrections only, a further
substantial reduction of the gap is induced by screening
the bare NN interaction in the gap equation. Therefore
with respect to the lowest order approach, i.e., without
any polarization eects, that is with bare interaction and
k-mass only, the gap at its maximum is now reduced by
about 50%. This strong reduction is a common feature
of all previous calculations and in this sense our investi-
gation is a conrmation of what has been found by other
authors earlier, even though the approaches dier in de-
tail. Nonetheless this strong reduction of the pairing due
to the polarization remains intriguing. It is very likely
that the same situation prevails in nuclear matter and
then an estimate via the local density approximation[7]
would lead to a by far too low value of the gap in nite
nuclei. One may contest the validity of the local density
approximation in the case of pairing but it should not be
o by important factors[8, 17]. This remark even holds
true for the inclusion of polarization eects. Whether the
resummation of the bubbles(RPA) and therefore the in-
clusion of surface phonons in the case of nite nuclei[16]
can resolve this important question remains to bee seen
in future studies.
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